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SUMMARY

. * .

This Note records the resulte of the static detonations of 3/16, 1/l
and 5/ 16 inch square-section continuous-rod warheads, against Boeing B29
aircraft fuselages, four of which were loaded to simulate siraight and level
flight conditions at the attack station, In the attack of the mid pressure
section (unpressurised) from 45° above abeam, only the 1/4 and 5/16 inch
square section rods were capable of causing complete failure of the fuselage,
whilst in the roar bomb bay section (aft of the wings) only the 5/16 inch i
rod produced & similar failure of the target. )

Stress analyses have been made of the damazed targets to assist in the
determination of the mechaniam of target failure and of possidble factors
influencing rod offectivenescs against aircraft fuselages. Some proposals
for further work are included.
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1 INTRODUCTION

141  Previous trials1’2, in which 3/1€ and 1/4 in. square section
continuous-rod warheads were fired against various stationary, unloaded,
fuseclage targets, showed that both sizes of rod were capable of severing

up to 50% of the cross-sectional aren of target structure, comprising skin,
stringers and in some cases, longerons. From these results it was only
possible to obtain an indication of the effectiveness of the continuous-rods
in causing a structural kill of the target since the target residual
strengths and the effect of target loading at the time of attack could not
be determined.

142 In consequence, it was decided to mal'e some limited firings of various
sizes of continuous rods agzainst sections of fuselages loaded to reproduce
strai ht and level flight stresses in the structure at the point of attack.
Rogirz D29 aircraft were chosen as targets sinco their fuselage conatruction
is conventional und is taought to aporeoximate to that of the Soviet 'Badger!
gircraft. Similar unloaded tarzets wore includel for the purposes of
compariscn,

1.3 The four firings described in thie Note were made at the P. & E.E,
(Shosburyness) betwsen June and October 1959 and are to some exteng comple~
mentary to those made previously acainst Boeing B29 aircraft wings-,

2 OBJiCTS OF THE TRIALS

241 The objects of the trials were:-

(e) 7o leteraine tie influonce of flight londs on tha effoectiveness
of continuous-rods when zttacking scircraft fusclages.

(b) To compare the relative effectiveness of 3/16, 1/4 and 5/16 in,
squarc~-section continuous-rods when cttacking various sections of loaded i
and unloaded sireraft fuselages, mainly of conventional construction.

(c) To dotermine the factors governing tho effectiveness of continuous i
rods whon attacking aircraft fuselages. ;

3 TRIALS PROGRAV[E

541  Four warhoad firings werc made against structurally complete B29
aircralt fuselages, loaded to raproduco straight and level flight stresses
at the attack station. Of thesu, two attacks were against the mid crew
compartrent and two agninst tho bomb bay section aft of the wings.

3.2 In nll but one firinz, an unloaded fuselage section,similar to that
boing attacked in the londod condition, was included as a secondary target.
In the remaining firing, a Handloy Page Victor aircraft rear fuselage
scction was attacked.

3.3 Gonorally, a continuous rod projected from a G.W. warhead is equally
likely to strike the target from any direction, but due to the limitations
imposed, in these trials, by tarzet uttitude, loading etc., it was decided
4o snttack all primary targets from 45° above dead abemm relative to the
attack station. The socondary torgets, not being 11m%ted by loading
conditions, were attacked from 45° above abeam and 60 off dead astern.
Thoso directiouns wore considered to be typical of continuous-rod attack and
likely to produce circumforential cuts in the target structure.

-l -
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¢4 A summary of the firings and results is given in Table 1,
4 WARHEADS

L1 IExperimental models of Blue Jay and Red Dean warheads (3/16, 1/h and
5/16 in. square section continuous rods) were used. Some details of these
warheads are given in Table 2.

L.2 The warheads wore mounted, 20 to 30 £t above the ground, on adjustable
baseplates secured to a simple tubular structure. The slant distances from
the warhead centre to the nearest point on the fuselage, at the attack
station wero adjusted, in all the firings, to be 85% of the rod theoretical
maximum hoop radius. Thus, tho slant ranges for the 3/16, 1/l and 5/16 in.
rod warheads were 20, 32 and 25 ft respectively.

5 TARCETS

S5¢1 The primary targets used in the trials were full-length Boeing B29
fusclagos, assembled complete with inner wings, and mounted, in the normsl
flying attitude, on supports under the wing roots. Dead loads were applied
to the upper surface of the tailplane to simulate flight stresses at the
attack station,

S5¢2 It should be noted that two firings were made against sections of the
fuselage which, in normal flight, would be pressurised. However, since the
presence of such a pressurised compartment in the centre fuselage is most
unusual on modern bomber aircraft it was considered to be more representative
to ettack these sections in the unpressurised condition,

The similarity of the structure in adjacent unpressurised regions
showed that any effects, resulting from the strengthening of the structure
of these sections to take pressurisation loads, to be negligible and con-
scquontly damage effects in pressurised and uwnpressurised sactions could be
compared.

5¢3 The secondary targets consisted of two B29 centre fuselages
(Stns.216-646), ono B29 mid crow compartment (Stns.646-834) and one Handley
Pago Victor rear fuselago soction (Stns.967~1045). These targets were simply
supported in the required attitudes.

Selt, Details of tho layout and loading of the primary targets are given in
Appendix 1. General arrangemonts drawings of the target layouts ars given
in Fig.1 and shown pictorially in Figs.9 and 10.

5¢5 Cross-sections of the B29 fuselage at the stations attacked, showing
the location and dimensions of the various structural members, are given in
Fig.?.

6  INSTRUMNTATION

6.1 Tho time taken by the rods to travel between burast point and target was
measured by a micro-second counier chronometor,actuated by an infra-red photo-
cell directed at the warhead and six "make screens" fitted on the fuselage at
the attack station. The mean rod velocity was calculated using the average

of the times cbtained from each of the six channels. Striking velocities

were then computed from rod rotardation data and are given in Table 1.

6.2 In all firin the instrumontation was provided and operated by the
staff of P & E.E.(S)e

-5 =
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7 TRIALS PROCEDURE

7.1 In each trial, after the assembling and positioning of the targets,
the primary target was loaded. The warhead was then detonated and the
resulting damege recorded. In the two cases where the loaded target did
not fail, & steadily increasing down load was applied to the fusclage
below the tailplane until failure occurred at the attack station. The
failing load required was noted and the residual strength of the target,
after attack, determinad.

8  TRIALS KESULTS

81 The damage to each of the fuselage targets from rod attack is
summarizad in Table 3 and illustrated in Figs.3-8 and 11-14.

8¢2 Tho residuval sirengths of the primary targets which did not fail
initially, are given in Table 1 together with mean rod veloocities and
approximate striking veiocities for eaca firing.

9 ANALYSIS OF TARGET DAMAGE

el Primary targets

9.1.1 To obtain information on the mochanism of target damage and to
provide indications of the factors likecly to affect continuous-rod effective-
ness against aircraft fuselages, structural analyses were mode of the four
primary targets damnged in the trials,

9+.1¢2 Tha method of analysis was the same as that used by the Boeing
Airplano Co. in the decign of the B.29 and which is described in a report of
the Sidewinder warhead effecctiveness issued by ¥.0.T.S. in the U.S.A.%.
Visual examination of the primery targets had shown thati-

(a) failures were almost wholly tensile,
(b) frame damage was negligible,
(c) exit sido damage was rclatively small.

Thus, the analyscs wore made for pure bending loads only, ecxit side and frame
damage being noglected. Details of the analyses are given in Appendix 2,

9.1.3 The maximum nominal stresses occurring in the target structures,
immediately after rod attack, and, in two cases, at the commencement of
failure under incroased load, were calculated and arec as follows:i-

$ Maximum streoss ileinzl
Firing Tensile Compressive Condition
No.t (1/4" C.R. v. Stn.768) | 11,500 71,055 At failure after rod
attack,
Nos2 (3/16" C.R. v. Stn,768) | 10,400 5,690 After rod attack.
16,400 8,940 At failure under
additional load.
No.3 (1/4" C.R. v. Stn.566) | 15,680 8,020 APter rod attack.
22,600 11,500 At failure under
additional load.
No«y (5/16" C.R. v. Stn,566) | 25,500 9,950 At failure after rod
attack.
-6 -
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In each case, tho maximum nominal sirosscs ocourred at the ends of the
rod cut. As the ultimate tensile strength of tho material used in the B.29
fuselage (24 ST. aluminium alloy) is of the order of 60,000 lh/inﬁ, it appears
highly probable that fuselage failure wae initially duo, in each case, to the
stress concentration at the tensile loadod end of the rod cut giving rise to
o fost propagating crack.

9e1sl4 If this assumption is true it is apparent that actual values of
nominal stross alone are of little usc in determining whether a struoture
will fail or not, the overriding factor being the magnitude of the stress
concentration. In the trials this factor appeared to vary between approx.
2 and 5, probably dopendent on the out end shape. Should a fuller under-
standing of the magnitude and ooccurrence of stress concentrations be obtained
in tho future,then the values of nominal tensile stress will beocome increas-
ingly important.

9.1s5 Tt has been noted in theso and other triale'?2?> that the
initially continuous rod hoop, in its passage through the attack face of
typical aircraft target structures, is broken up into numerous small fragments
as a result of the impact (seo Fig.12). This fact suggests that the maximum
possible length of continuous cut on a circular section fuselage, is that part
of the cirrumference bounded by the two tangen's to the fuselage dram from
the position of warhoad detonation. Since the nominal stresses in a target
arising from rod damage are largely dependent on the amount of structure
severed by the rod and hence on the length of the continuous cut in the attack
side, it is of interest to compare the lengths of cut obtained in the trials
with the apparent maximum obtainable. This comparison is made in Table 3 and
it will be seen that in all cases the rods produced cuts greater than 90% of
tho theoretical maximum with the exception of the 1/4 in. rod attacking
Stn.566 of the primary target, where only 4% was achieved. This fact, and
the shape of the rod cut on the fuselage (Fig.13A), indicates that this rod
did not develop fully, as in the other firings. This result, however, must
not be fully discounted for assessment purposes, as it may lie within the
scatter to be expocted in warhead performance. The relatively short length
of cut accounts for the low nominal tensile stress produced in the target and
possibly for the ineffectiveness of the rod warhead in this partiocular firing.
Also included in Table 3 aro the approx. percentages of the total cross-
soctional area of tho targets severed by tho rods in (a) the attack side and
(b) the anttack and exit sides combined. It will be seen that the percentage
difference in structure sovered for targets whioh did fail and those
which did not was of the ordor of 3 to 5% for attack sido damage. This,
though small, could be significant, boaring in mind the location of the
additional severed matorial in a highly stressed tensile loaded region. When
oxit damage was includod,the percentage difference rose to between 5 and 7%.
However, since the exit damage tended to be concentrated on or near the
neutral axis of the damaged fuselage, it is thought to have had little effect
on the target residunl strength.

9¢1s6 A further point arising from target damage analysis was that the
length of rod cut below a line joining warhead and target centres was, in all
cases, oqual to or greater than the length of cut above this line, and is
probably attributable to the effect of the ground on rod deployment near the
lower extremities of the cuts,

9.2  Secondary targets

9.2,1 From the results of Firing No.2, in which the same section of the
B.29 fuselage was attacked by a 3/16 in, rod in both the loaded and unloaded
condition from the same direction of rod approach, it appeared that target
loading had 1itile effect on the extent of the damage, the length of cut and
amount of structure severed on each target being very similar,

-7 -
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9.2.2 The results of Firings Nos.3 and 4 against the secondary targets
showed that the effect of changing the direction of attack from 45° above
abeam to 60° off astern was to 8lightly decrease the amount of skin and
stringer material severed,but this was of{set by the severance of several
frames. Ixit damage was reduced to negligible proportions., The 5/ 16 in, rod
was also shown to Le capable of damaging longeron members adjacent to the
skin to a greater extent than the 1/b, in, rod.

9.2,3 The low percentage (31%4) of structure severed by the 1/4 in. rod
when attacking the Victor rear fuselage was due to the presence of strong
structural members loceted near the fuselage centre line which the rod was
unable to damage severely, having already passed through the fuselagse skin.

10 INTERPRATATION OF DAMAGE ANALYSIS

10,1 Aipart from the more obvious factors vhich may influence rod effective-
ness, such as rod sizs, velocity, material and construction, the trials
results and subsequent analysis show that certain other factors should be
considered. These are discussed briefly below:-

(a) Shape of rod cub extremities

If the theory that failure of the loaded fuselages attacked in the
trials was by the propagation of a fast crack from the tensile loaded
extremity of the rod cut, then the nature and shape of the cut end may be ol
creat imporiance since it will determine tiae magnitude of the stress con-
centration at that point. For example, the stress concentration factor will
be much less at a round-ended cut ithan at a sharp-ended one. The factors
affecting cut-end shape have not, as yet, been determined but will largely
depend on rod behaviour duriag its passage through the target. Clearly, the
effacta of stress concentrations will be restricted to rod cuts having one
end in a highly loaded tensile surface.

(b) Direction of attack

In a fuselagze target, the direction of attack will determine the
radial location of the rod cut. The siress analyses mede on the damaged
targets show that cuts in the tensile (upper) and compressive (lower) loaded
surfaces will be considerably more effective than cuts in the shear loaded
(side) surfaces since the former are designed to take the majority of the
fuselage bending load and hence contain a large proportion of the target
cross-sectional material. Furthermore, damage to the compressively loaded
lower surfaces should be the most effective because the allowable stiresses
erc lowest in this region due to the inetg.bility caused in the surface dy
the sovering of stringers, longerons etc.” It has also been found that a
small extension of the rod cut near the top of the fuselage (in tension)
will considerably raise the maximum nominal tensile stress resulting from
the cut.

(¢) Fuselage frame damage

The trials have shown that the three sizes of rod used were capable
of severing fuselage frames., Owing to the direction of attaok chosen,
howover, the primary targets suffered negligible frame damage and this was
not considered in the stress analysos. Firings against the secondary targets
showed that, for other directions of attack, frame damage could be severe
and would almost certainly contributc substantially to the loss in strength
of a fuselage target. This effect would be particularly marked where it
occurred in tension loaded surfaces through the loss of frame support to the
stringors and skinningd,

-8 -
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(d) Warhead maximum hoop radius and stand-off distance

Theso are directly related to the extent of the target exposed to rod
attack and thus appear to have a direct bearing on the length of the rod cut
in the target. Tho stand-off distance will also affect the degree of rod
hoop deployment. Thus 2ig-zag or straight line cuts can be obtained.

(e) Erit side damago

It is apparent that the nature, extent and location of damage to the rod
exit side of a fuselage target may, in certain cases, be the deciding factor
as to whether a fuselage fails or not. The trials have shown that, in general,
the larger the rod size the more exit damage is caused. However, the trials
were done against virtually empty structures and since, in practice, the
majority of an aireraft fuselage will be filled with fuel tanks, bombs and
equipment, it would follow that exit damage in these sections could dbe
negligible,

11 CONCLUSIONS
11.1 The main conclusions which may be drawn from the trials are:-

(a) From the results of a single firing, against two targets, there
appoars to be no significant visual difference in the damage obtained from
similar attacks with 3/16 in. square section continuous rods against B.29
fuselage structures in the unloaded and 'loaded to 1g! condition.

(b) Under the conditions of the trial, only the 1/4 in. and, by
inference, the 5/16 in. rods, are capable of defeating the B.29 fuselage at
$tn.768 when attacking from 45° above abeam and at a stand-off of 85% of the
theoretical maximum hoop radius.

(¢) Undor the samo conditions, only the 5/16 in. rod is capable of
defcating the B.29 fuselage at Stn.566.

d4) Tho fuselage sections which did not fail under rod attack
1,64 3/16 in, rod against Stn.760 and 1/4 in. rod against Stn.566, were
found to be capable of supporting 1.5 and 1.75 times, respectively, the
lovel flight loads before failure occurred.

(e) All three sizes of rod aro capable of producing continuous cuts,
on the attack side of a fuselage target, of length greater than 90% of the
epparent meximum arc possible, and also of severing all skin and light
members in contact with the skin over the length of the ocut.

(f) Firings against fuselage sections at directions of attack of 45°
above abeam and 60° off astern rosulted in similar attack side damage. From
the latter directiomn, however, exit side damage was reduced and considerable
framo damage achieved,

(g) Damage to the 'Victor' target showed that a 1/4 in, rod is capable
of severing typical sandwich skin structure comprising longerons, double
skin and closely spaced stringers and that exit side damage is msmall when
internal diaphragms are present.

(k) The triale results and interpretation show that it is not possible
to deternine the residual strongth of a damaged target by visual examination
or simple stress analysis only. 1t appears essential that, until a better
undorstonding of stress concentration effocts is obtained, firings should be
made against loaded structures and, if necessary,these should be loaded to
destruction after firing.

-9 -
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(j) Te trials have also shown that the following factors may have
a significant influence on rod effectiveness against fuselage targets:-

(1) Shave of rod cut extremities

(i1) Direction of rod attack

(11i) Damage to fuselage frames

(iv) Warhead maximum hoop radius and stand-off distance

12 FURTHER WORK

12.1 It will be seen, from the work described in this Note, that, in order
to assist in the making of rod warhead lethality assessments, much infor-
mation on rod effectivencss against fuselages, of various forms of oon-
struction,remains to be investigated. It is suggested that further warhead
firing trials should be made to determine:-

(a) the influence of direction of attack, for both circumferential
and angled cuts, on fuselage residual strength, the trials to be combined
with stress analysis,

(b) the influence of rod size, velocity, maximum hoop radius and
warhead stand-off distance on the lengti and type of rod cut in both loaded
and unloaded fuselage sections.

It is also considered essential that further investigations, probably
using theorotical and/or model techniques, should be undertaken to determine:-

(a) the influence of cut end shape on the magnitude of stress oon-
centration factors produced in tension loaded surfaces.

(b) the influence of frame damage on fuselage residual strength.
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APPENDIX 1

DETAILS OF TARGET LAYOUT AND METHOD OF LOADING

1 TARGET LAYOUT

1«1 The primary targets used in the trials consisted of full-length

Boeing B.29A fuselages assembled complete with inner wings and tail-unit,

To simplify the method of loading the whole target assembly was mounted in

the normal flying attitude supported by two reinforced concrete pillars,

located under each wing root, with shaped wooden cradles under the front and il
rear spar booms, as shown in Figs.9 and 10. To support the counterbalance

weights located in the aircraft nose, a sandbag cradle was constructed under

the front fuselage.

1.2 The secondary targets, which were not loaded, were in all cases eimply
supported at their extremities by sandbag cra.dles_and/or tubular scaffolding.

2 TARGET LOADING 1

2.1 It was desired that the loading of the primary targots should produce
atresses in the targois,at the stations attacked, representative of those
occurring when tho aircraft was flying straight and level in non-turbulent
air at an all-up woight of 117,000 1b (1s0s with full bomdb load and half
Puel load). The roquired conditions were as follows®g-

- T~ [Rusolags station Stn. 768 Stn. 566 ‘
Condi tion T~ i
Bonding moment (B.M.) | 2,314,000 b/in. | 14,763,000 1b/in. ,:
Shear force (S.F.) 8225 1 18,300 1b f

2,2 It was found that to reproduce these conditions exactly would require
a very complicated loading systom and it was finally decided to load the
fuselage by means of weights placed on the aircrafti tailplane such that the
percentage errors in the B.,M. and S.F., at the stations attacked, were the
same.

Thus the conditions under which the fuselages were attacked were as
follows:=-

— Fusclage station Stn.768 Stn,.566
Condition e —

Bending moment (B.M.) 2,159,800 1b in. S9736,000 1 in,
Shear force (S.F.) 8885 1b 14,845 1b

It will bo noticed that the errars involved in using this simple system
of loading are approciable at Stn.566. However, the design oriteria for the
B.29 fuselage is tho landing case at high weight conditions, and hence the
actual strongth of the fuselago may be more than ten times that required for
1g levol tlight‘*. It was, therefore, considered that the errors present would
not groatly affect the trials results.

-12 - |
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2,3 In all cases where the targets were loaded, the required weights were
supparted on wooden battens, arranged to tranemit the loads to the fuselage
through the front and rear tailplane spars (Fig.9). Water-filled tanks located
in the fuselage nose were used as weights to counterbalance the tail loading.
Dotails of fuselage section weights, applied loads and points of application,
together with the resulting conditions at the attack stations are shom
diagrammatically in Fig.1 and dotailed in Table 1.

2.4 In the cascs where the fusclage did not fail, the additional load to

cause failure was applied Ly mesns of a cableattached to the fuselage below
the tailplane, which then passed under a pulley, secured to & strong point

in the ground, vertically below the point of application of the load, The

load wes thus applied horizontally and, from a spring dalance in the cable

run, the magnitudo of the load applied ocould be measured. -

-13
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APPENDIX 2
STRESS ANALYSES OF DAMAGED FUSELAGE SECTIONS

1 METHOD OP ANALYSIS

1.1 Stress analyses were made of the four primary fuselage targets which
had beun subjected to continuous rod attack. The calculations were based
on bending loads only and in view of the small amount of structure severed
on the exit side and its location on or near the effective neutral axis of
the damaged fuselage, exit damage was neglected.

The general mothod of analysis was the same as that used in the Boeing
stress analysis roports on the B.,29 aircraft and is doscribed in Ref.h.

1.2 The method consists of determining initially the position of the
noutral axis of thoe damaged fuselage section. The total effective cross-
sectional area of the remaining structure is found and used to locate the
position of the offective neutral axis. The total moment of inertia can
then be found and substituted in the relations-

r - ¥ |

where f nominal stress

M = bonding romont on section

e

vy = distance from effoctive neutral axis

= moment of inertia of section

Thus, the magnitude and position of the maximum nominal stresses in the
damaged section may be determined.

The detailed calculations are given in Tables 1-4, For the purposes i
of comparison the maximum stresses undoer the actual trials loading and for it
the 1z level flight loading are shown, i

-1 -
SECRET-DISCREET

|



j o pycea. -y TR T e — T T——r TR
JTHOSTA—-IHg IS
- mF -
. 10207 JLarpucoes so3amg (g) 2083 Atpmgad seaoueq (d)
| T
! !
a‘an <o (<) odetosny "W pYep
*s314 v9g peoT 051 | 995 anuse 620 330 09
-39 29¢€ (=4 95 X915 %
petTI®} (d) o3vTosmy wege Puep
29vresnd ¢ 3ugaiy 03 sy | 995 a0 620 saoge
%129 (s) edetosng UM s
‘s914 99g peoT oN | 995 arnuso 6z peep jjo 09
995°u3s Iy X o x anxany ¢
Y ar gL = *a°s
03 juaTeAjnbe *xoadde £50}°uls IR} *ul qr 000°%L%S = “N°g
qe pajrdde QT 26021 JOo PeoI| aou pIp  [BuIALD 6501°u3S ' (qU 0059) SuU0l gO°C (d) 8Jvresny weqe puep
TeUOT3IPPe Jo1je poliwl odeTosng| olerosnd speotl WSIW SF | 995 U0 23 sAoqe oma
—_— B U T SRR S — - —— B I ——
[ B4 (s) uoraoos
*s914 eaC peot ofl | ool ,u.Bmvdé pIa 62
: I oe 0% oz | TOW®PWR fox xoikf 2
! Suipeor 57 ! ! saoqe QY
| 01 quaTeapnbe *xoxiie %6501°wIS Tres i
1u paltddz qT o2y JO PROT! 20U BRP (d) uoj30g |
Teuol1lppe JR13e porlel odviesnd| ofviesnd } Supap) J03 sy | ¢9L aamssaxd pru (27 :
e i e R e pv e — l-(¢, — e et - - - - t.lé'n,gvvlt - - - e
a? g : | (c) evresny
*sB14 s0g | pror o ;085 Jeed 20307
! : !
1 gudulg 1y _ ! : (1144 < 3= -4 meqe poep oxang o
m qr §00°" = *4tn “ i . : sa0® & |
! “up GT 008°651L%2 = %I : _ |
BoTIT)  ISUIAID £501°t7S 18 (91 0GK) Suol L%} ! ! (d) wuorzoec _
atntesnd | speoT YOIt Sy . 894 . damssaud pIv TG i
" “ . ’ g'dtl 1 *stdtd | W
nugagy _ - wco_uSmm P B3 S C 23100708 |oJuena| yovoaxdde por | eup x *ut *0;1
SRy 30 msey | Julpeol ' oeasY | NEILAS POI | ygew poy; |auers| yo uoproeara | ozrs poy | MIIY
. : . poYHIIIsT . :

€CC-Buzeqoor o 930y TEOTUYISY

§10d.2} oJeiosn] 3CUTELST SsULITJ Pod SNONUTJUCO JO AJowumS — | ITEVD

TTREOSTA~IIIS



SECRET-DISCREET

Technical Note No, Mech.Bng.333

*9eTred °g°0 WIp %] ¥ pue I03TUOIOP OTIIVRTO (C°Of PeudTiTsod ATTEIIUOD T Jo euvow £q POJUIITUT OIOA SPROGITA TTV

1 ml H
| (pr108)
G2 Ch/09sINL/YaE | S¢°S L6z I073~¢ 91/6%x9L/5 | GL°CL g oY%l | ueeq pey ki
(v¥1o8)
01 edfy
6 0'1/093 1K1 /xay 8°¢ Gece 013-2 | 91/¢ x 9L /¢ 0°¢ 6°0} g% Lep enyg 4
(prIos)
¥4 0%if09:IRL/XT | 21°G gels I0T3-2 /L x /i G0t g G2t |uwseg pey | € ¥ I
at rur 23 - oty | wBuer | susren | easy | -eon
* s . . . af .
1uftem | SUFTTTF *Z°H | VTP |-eTp dooyexem |PUOTSIUCIIY | cU¥ x “ut P L
SUTTITY *=°H zouty | TeoTsesceny vou o318 poy peouIny |poegauy |peeytey | pueyxey | Surard

8{8TI3 A3TITOU3o] Ul posn speoydes pold SNONUTIUCD JO BTTBIoq

Z TIEVe

- 16 =

SECRET-DISCREET



JTRISTA-IIH OIS
- h_‘ -

0X8 TWIOII008-E80LD = ‘y°5°)
S023U20 o2eTosn] pUT Psyaom RJuiof sujl m0Teq N0 JO ITMY 2
SOMUN0 J2TTOSNY put Pudkiaem JuTuiol UFT 9AOQE INO JO ATY |

SJ00p QEOQ JO GOUNEQR £q POITWIT »  SSATON
4“ eSuresny vaise
- sy S 4 m % - 7 S #SEL 624 995°1g {pwep 330 09
N[ xAL:
Be a%eresny|{ woeqe pwop
paTlns 92etosny auey | 15 Ly 9% ol ol %4 €91 62€ 95°UIg| eaoqe o
adyresny uznse
- somy 2 o % e * L1 &L |5 #€CL ) 622 9%°WIsPWP 3J0 0D
wnxqhj €
Burprot 3%t alvrasny| woeQe PLop
ya M paTle} a8vromnd auon M W L €L 05 el 994 624 9o5nag]  eaoqe G
adurosry
- oy i$ € 16 69 173 1 191 528 golms| meqe pwp
saogu Gy | VK XSIK | ©
Supeol 3%} apromy o
i petle) adeTesnd auo;! o % 26 U oL & 194 &2 goL-uas
oSerosny
- auo}! 14 1€ %6 €0 2 ol} oL |aoz0TA 0pE*uIT
weqe puep
5 xun 1
patle} aderestd 0| : a¥vresny oa0g8 G4
UOR an W 001 06 gL o1 251 62a goLng
(=) % ug x “u
poaans] UO1306F oTeTesn ® | v o I L .m.uw!&, wovoxdde pox ” 1. , 0
9TOUM J2A0 PIJOADS | TTOPIIT UO POJAASS z o
) [0 ¢ 4
Imsed amnsl L smmas | ‘vets tomonas (TPl ol snoqy tmar | TR STIESL I 56 opasong Y lsopan
TeuoIIIPPY F t t To 3ImS 3O
28eTesny Traol jo | oZetesny [w03 Jo F——mrET T ar Trojsceus
a3muwald xoxddy {advuedaed “xoxddy 93198 JO e TTNIOY

€C¢ Fug *yoaj{"oj 930y TBOTUYDSY

B70910] oJe{osTy 03 6JBUEp poX Jo Adpumng

TIIVE
SEAYOSIA-ITYIIS




Rffective skin area
(.‘.‘:‘;“;‘2 ) ?.Zﬁ??rﬁi Tension| Compression
neutral axis
in. 1n.2 in,2
1 2 3 4
- dy - -
B 583 0.378 - 0.395
I 53.5 0,378 - 0.122
J 47.8 0.338 - 04402
X 41,5 0.297 - 0.122
L 347 0,297 - 04301
M 2745 0.297 - 0.173
N 20,1 0.297 - 04279
0 12,7 0.297 - 0,301
P 5.5 04297 - 0.173
Q - 1.3 - 0,048 0.395
R - 7.6 - IR TAN 0.402
8 -13.3 - 0,048 1.478
-1 -15.8 - |2x0.,048 2x0.173
u-u ~18,1 - [2x0.048 2%0,395
Vv -22,0 - |2 x0.122 2 x 0,402
v-w 248 - 2 x0,031 2 x0,395
X ~Xt <2645 - |2 x0,031 2x0.173
Y <271 - 0,100 0.402
z
7o &Y - 25 L s,
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APPENDIX 2
TABLE 1

Stress analysis of g%gd fuselage

Technical Note No. Mech.Eng.333

Mring No.1 - in, rbd Ve Stne 68
(Bending loads only, rod exit damage neglected)
pskin ares_ Distance of | Moment of (w‘?mlm) (lhxinn1 1‘ 1-m;t
Stringer member from inertia +ri g leve
Compression| String Total area effective loading)
neutral axis
in.2 inoz in.2 in.3 © in. "ino’: ) 1'b/in.2 1b/1n.2
T 5 3 7 8 9 10 1
2 N
I =Zay £ = £ -
, A Ady y o ¥ 1!
B T e B or W)+ (5)| =@ x(6) | =)= : 2 M x (8 ¥ x (8
| - (€)% (®) "3 - S5
_ - - .
- 0395 | 04773 45+0 ‘52,95 2160 +11,500 +12,300
- 0.122 | 04500 26,7 14,8415 1160
- 0,402 | 04740 3504 42445 1330
- 0.122 Oeli19 1744 36.15 548
- 04301 0.598 20.7 29.35 515
- 0,173 | 04470 12.9 22.15 230
- 04279 0.576 11.58 1475 125.3
- 04301 0598 7.60 7435 32.3
- 00173 Och7o . 2058 'Oa15 o .
0.048 0.395 Oelily3 - 0,58 - 6465 19.5
001“} 0.1;02 00%6 - l}015 "12095 9200
0,048 1.478 1.526 ~20,30 -18,65 530.7
I x 0,048 2x0.173 Oelihy2 - 7,00 : ~21.15 497.5
px 0.048 2 % 04395 0,886 -16.04 f =23.45 4,88
0,922 | 2x0.,402 1.048 23,10  -21.35 7684
} x0,031 2x0.173 04408 -10.80 i -31.85 415 . .o
04100 0.402 04502 -13,60 3245 530 - 7,055 = 79559
r 9 T V63026 “I’ TR
= 535 in. Trials bending moment M = 2,159,800 1b in.

1g - bending moment M'

- 18 -
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Nember | Distance of | Effeotive siin area | gy yjnger
H(.:: ;) :::::;ru“& Tension| Compression ® area Total aves
in, in.2 in.? in,2 in,2
1 2 3 4 5 6
A
- & - - - = (3) or (4) +(5)
r 62.0 0.378 - 0.173 04551
a 59.9 - - 0.122 0.122
H 58,1 0,378 - 0.122 0,500
1 5343 0.378 - 0,122 0,500
J 47.6 0.338 - 0.402 0. T
4 4143 04297 - 0.122 0s419
L 345 0,297 - 04301 0.598
¥ 27.3 0.297 - 0.173 04470
¥ 19.9 04297 - 0.279 0.576
0 12.5 04297 - 0,301 0.598
P 5¢3 04297 - 0,173 0.470
Q - 15 - 04048 0,395 0otk
R-R ~ 7.8 - 2 x 0ot | 2 x 0,402 1,092
8 -8 ~13.5 - 2 x 0,048 | 2 x 1,478 30052
T-1 ~16.0 - 2 x 0,048 | 2 x 0,173 0olsds2
U-u «18,3 - 2 x 0,048 | 2 x 0,395 0,886
V-w 22,2 - 2 x 0,122 | 2 x 0.402 1.048
| B 25,0 - 2 x 0,031 | 2 x 0,395 0.852
X -Xt -26,7 - 2 x 0,031 | 2 x 0,173 0,408
Y ~27.1 - 0.100 0,402 0,502
z 144269

- 61
"i'&}' G209 " U4 in

Trials bending moment |
1€ Ybending moment

BN,

at failure ]
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g

APP.
TABLE

Stress analysis of damaged fuselage
Fir Noe2 ~ 3/16 in. rod v. Stn,768

X 2

|

N

|

(Bending loads only, rod exit damage neglected)
L Distance of Maximum !m:‘:'
Seinger | ol aes e | ot | (| Gelea (eI
. Aneutral axis loading)
in,2 in,2 in, in, in % 1b/in,2 1b/1n,2 1v/1n.2
" 5 6 7 8 9 10 11 12
—
I = Ay° te ¥ oo B e ®
A Ady b
y = (3) or (4) +(5) | = (2) x (6) “@=v ey 02| - L (8 . . Lz't'ﬁ&
T 073 0,551 3442 5747 1830 +10,400 +11,180 +16.400
0.122 0.122 7.3 5546 378
0.122 0,500 29.0 . 53.8 1440
0.122 0,500 26,6 49.0 1200
04402 0,740 3562 L33 1382
04122 00419 17.3 37.0 575
0,301 0,598 20,6 30,2 546
04173 04470 "12.8 23.0 249
0.279 0,576 1.4 15.6 140
04301 0.598 ' 7448 8.2 40,2
04173 04470 2,49 1.0 0.5
0.395 0olth3 - 0,67 - 5.8 1449
2 x 0.402 1.092 - 8,56 - -12.1 160,2
2 x 1478 34052 =41.20 -17.8 970
2 x 0,173 Ookiy2 - 1.10 - =20.3 182.5
2 x 0,395 0.886 -16.16 -22,6 453.0
2 x 0,402 1.048 ~23,30 26,5 738
2 x 04395 0.852 21,25 -29.3 34
2 x 0,173 0.408 ~10,88 -31,0 392 .
0.402 0,502 ~13.57 =314 495 =5¢690 «6,100 =8,940
i 14,269 +61.68 11.920.3

Trials bending moment M = 2,159,800 1b in,
1g bending moment M' « 2,314,000 1b in,
B.,M, at failure |4 LU 3.39‘5,8(” 1b in,

=19 -
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Member | Distance of | Bffectlve siin ares Stringer
H(.::;) ;::1’::. Tension| Compression| area
in, in,2 in,2 in,2

1 2 3 4 5
- ¥ - - - = (3) or (4)  (5)
’ 6‘”8 00358 P 00395 00753
c 62.7 04358 - 0,395 0.753
D 5943 04358 - 0.198 04556
3 56.9 - - 0.122 04122
r She6 04408 - 04395 0,803
e 48.8 0ekS5T - 0.122 04579
H 12,0 0s4457 - 04301 0,758
I Shols 04457 - 0.122 04579
7 26,1 04457 - 0.301 0.758
4 17 ek 04457 - 04173 0,630
L 805 00'}57 - 03173 0.630
| o-‘p 00‘657 _- 00301 00758
¥ - 9.1 - 0,078 0.173 04251
o 174 - 0,078 04173 04251

P-P =199 - |2 x0.126 |2 x 0,732 1.716

Q- ~25.0 = |2 x0,078 |14 0,395 0,748

R-R! -1909 - 2 x 00’72 2 x 0.9‘.0 2022‘0
‘ -}1 Qa - 00078 00395 00‘073

TP ~33.5 - |2 %0201 |2 x2.5% SekTO

: 18,812

N R R el

BN,
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1¢ bending moment M' =

B.M,

at failure

4y763,000 1b in.
8,276,000 1b in,

AFPRNDIX 2
IABLE 3
8 of d fuse
Hoe3 =. in, rod v. 8
1 r, rod
. Distance of Maximns :::“"' v
Stringer member from stress Maximum stress
esion| area Total ares sffeotive "33:1:‘ (trtal (}figrl st fallure
neutral axis loeding) losding)
oo | 1m0 in,? in,3 in, inb 1v/1n,° 1v/1n,2 1b/1n.2
, 5 6 7 8 9 10 11 12
I= LAY e ¥ r. B ™ #
A Ady Y. :
B = (3) or (1) & (5)] = (2) x (6) =@ -5 . o _Mx N x .
@ =@ Ll B i
' 0.395 0.753 48,7 651 3180 15,680 13,000 22,600
) 04395 0.753 47.2 63.0 2980
0.198 0556 33.0 59.6 1971
0.122 0.122 6.97 572 399
) 0¢395 0.303 43.8 5449 2415
) 0.122 0579 28,2 49.1 1390
0,301 0.758 ° 19.7 .26.&. 529
' 0.173 0.630 10.9 17.7 197.5
? 0,301 0,758 0,30 T 0.7 Ouly
e 0.173 04251 - 2.28 = 8.8 1944
'8 0.173 0.251 - 437 =171 7306
R6 |2 x 0,732 1.716 =34420 «19,6 661.0
P8 | 13x 0,395 0.748 -18.,70 =247 457.0
'2 2 x 009‘00 2022‘0 s o440 -19.6 85800
0.395 04473 =15.0 =315 §70.0 .
2 x 205}‘0 50‘070 -18300 -}}.2 60#0.0 -8,&0 -5.660 ""m
] 18.812 - 6.13 23.738.6
; Trials bending moment ¥ = 5,736,000 1b in,
wa.
E

- 20 -
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(m.a m fz. m St::.:‘m Total area
in. in.2 in,2 in,2 in,2 in.]
1 2 3 4 5 6 7
- & - - - ey o) - (zz
r 63.9 0e4y08 - 00395 ~ 0,803 514
G 581 00457 - 0122 X ) 33
| 51.3 0457 - 04301 0,758
I 3.7 0457 - 0.122 0.579
J 35k Oek57 - 0,301 . 0,758
X 26,7 0457 - 0e173 0,630
L 17.8 0uk57 - 04173 0+630
| 8.9 0e45T - 0.301 " 04758
| 0.2 - 0.078 " 0,173 " 0,251
0 - 8.4 - 0.078 " 04173 0.251 -2
P ~10,6 - 0.126 0,732 0,858 -
Q-9 “15,7 - | 2x0.018 |2 x0,395 0,946 ~thd
RN ~10,6 - | 2x0.972 |2 x 0,940 24224 =234
8 -8 -22.5 - | 2x0.018 |2 x 0,395 0. 946 214
- 24,2 - | 2%0.201 |2 x2.5%% - 5e470 1324
3 16,401 +

;-w- el o 05 1a.

Trials bending moment l:
1¢ bending moment N° |
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APPRMDIX 2
TABLE L
8 s s of - fus
2 Ko - 6 d v. S 66
(Bending lopds only, rod exit damage neglected)
Pl- Stringer .’3.‘.'.3.? ;r: Moment of Maximum etress strem
M| area Total area offeotive inertia (%rial 1losding) (1¢ imi‘t)
i 2 2 3 neutral axis L 2 2
in, in, in, in. in, 1b/in. 1b/4n,
— 5 3 7 8 9 10 1
- Sant o
I= phy° r- ¥ r- B
ey we®)] - @5 © | -@-F ;
- or + - x - -y M x x
‘ - Oxef| - Ly -y
04395 © 0.803 51.2 630 220 425,500 +21,100
0122 0,579 33.6 5746 1915
04301 0.758 38.8 50,8 1950
| 00122 04579 25.3 432 1017
| 04301 . 0,758 26.8 34e9 925
; 0173 0.630 16.8 26,2 432
| 0173 0,630 1.2 173 188
| 0,301 " 0,758 6.75 . 8ks 53¢5
] " 04173 " 0,251 0.50 - 0,3 o
b | 0.3 0.251 | - 2,03 - 8.6 18,6
” ' 0,732 0,858 - 9.05 11,1 105.1
2 x 00395 . 009“ -‘lb.& -16.2 253.0
2x 00%0 2022'0 -23010 =11.1 21‘00
2x 003” 009‘.6 21,20 '2300 moo .
2 x 2,534 . 50470 ~132.0 247 3335.0 «9,9% -8,280
1‘.“1 + 8.11 1.m’.2

Trials m smoit M = 5.7”.“ 1b in,
18§ Dbending moment X' = 24,763,000 1b in.
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SECRET T.N. ME, 333,

STN. 768
(MO CREW COMPARTMENT)

§66
STN. 208
(AFT BOMB BAY)

FIG.2. CROSS -SECTIONS OF B.29 FUSELAGE AT
ATTACK STATIONS,
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M.E.BO4L7/K.
snt SECRET T.N. ME, 338

OIRECTION OF
ROD APPROACH

EXTENT OF
CONTINUCUS

cuY

STN. 566 OF LOADED 8.29 FUSELAGE

FIG.S5. FIRING 3. RECORD OF ROD DAMAGE TO
PRIMARY TARGET (/a.ro0)




SECRET TN.ML. 338,
FIG. 6.

N.B SEVERED MEMBERS
¢ ARE SHOWN DOTTED

LIGHT FRAME AT STN 869
SEVERED AT THESE POINTS

HEAVY FRAME AT STN.SS3
SEVERED AT THis POINT

78% SEVERED

STNS, 537 TO 587 OF UNLOADED 0.29 FUSELAGE SECTION

FIG. 6. FIRING. 3. RECORD OF ROD DAMAGE TO
SECONDARY TARGET (% w rod)




SECRET T.N. M.E. 388,
FIG. 7.

—— e

NS, SEVERED MEMOERS
¢ ARL SHOWN DOTTED

RESLLT: FUBELAGE PAILED, ALL REMANNG
STRUCTURE OTHER THAN LONQERON
LOWER MEMBERS FAILING IN TENGION

STN. 866 OF LOADED 0.29 FUSELAGE i

FIG.7 FIRING 4. RECORD OF ROD DAMAGE TO
PRIMARY TARGET (%1 n.n00)




SECRET T.N.MC.858

HEAVY FRAME AT STN.620
SEVERED AT THIS POINT
LIGHT FRAME AT §TN 897
SEVERED AT THIS POINT

- E‘,/so% SEVERED |

~

¢

STNS. 520 TO S87 OF UNLOADED B8.29 FUSELAGE SECTION

FIG.8. FIRING. 4. RECORD OF DAMAGE TO
SECONDARY TARGET (5116 w. aoo)



SECRET TECH. NOTE: MECH. ENG. 333
FIG9a 10

FIGY. TYPICAL LAYOUT SHOWING PRIMARY
AND SECONDARY TARGETS (FIRING 3)

FIG.10. TYPICAL LAYOUT SHOWING PRIMARY
AND SECONDARY TARGETS (FIRING 4)

SECRET




SECRET TECH. NOTE: MECH. ENG. 333
FIG.Ilaab

FiG.11a. FIRING |. PRIMARY TARGET. ROD DAMAGE TO ATTACK
SIDE SHOWING FAILURE (4 inch ROD. STN.768)

FIG.11b. FIRING |. PRIMARY TARGET. EXIT SIDE OF FUSELAGE
AFTER FAILURE (4 inch ROD. STN.768)

\

RAE 151435 61

B D .



[RAE: 15143 el

SECRET TECH. NOTE: MECH. ENG. 333
FIG.llcad

FIG.11c. FIRING |. SECONDARY TARGET. VICTOR REAR FUSELAGE
BEFORE FIRING (4 inch ROD. STN.900)

FIG.11d. FIRING |. SECONDARY TARGET. VICTOR REAR FUSELAGE
AFTER FIRING (} inch ROD. STN.900)




[RAE: 151437 [61]

SECRET TECH. NOTE: MECH. ENG. 333
FIG.12a

ATTACK SIDE

EXIT SIDE

FiIG.122. FRING 2. PRIMARY TARGET. DAMAGE TO FUSELAGE
AFTER FIRING (4 Inch ROD. STN.768)

SECRET




SECRET TECH. NOTE: MECH. ENG. 333 ﬁ
FIG.12b *

ATTACK SIDE

wE

EXIT SIDE

FIG.12b, FIRING 2. SECONDARY TARGET. DAMAGE TO FUSELAGE
AFTER FIRING (4 inch ROD. STN.768)

SECRET
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SECRET

TECH. NOTE: MECH. ENG. 333
FIG.|3a

EXTERIOR

INTERIOR

FIG.13a. FIRING 3. PRIMARY TARGET. ROD DAMAGE TO ATTACK
SIDE OF FUSELAGE (3 inch ROD. STN.566)

SECRET




[RAE: 151440 |61

SECRET TECH. NOTE: MECH. ENG. 333
FIG.13b

EXTERIOR

FIG.13b. FIRING 3. PRIMARY TARGET. ROD DAMAGE TO EXIT
SIDE OF FUSELAGE (} inch ROD. STN.566)

SECRET




SECRET

TECH. NOTE: MECH. ENG. 333
FIG.13¢

EXTERIOR

INTERIOR

FIG.13c. FIRING 3. PRIMARY TARGET. FAILURE OF ATTACK SIDE OF
FUSELAGE AFTER APPLICATION OF ADDITIONAL LOAD
(4 inch ROD. STN.566)

[RAE: 151441 [6i]

SECRET




RAE 15142 Joi]

SECRET TECH. NOTE: MECH. ENG. 333
FIG.13d

EXTERIOR

FIG.13d. FIRING 3. PRIMARY TARGET. FAILURE OF EXIT SIDE OF
FUSELAGE AFTER APPLICATION OF ADDITIONAL LOAD
(4 inch ROD. STN.566)




SECRET TECH. NOTE: MECH. ENG. 333 F
FIG.13e ]

EXTERIOR

FiG.13e. FIRING 3. SECONDARY TARGET. ROD DAMAGE TO ATTACK SIDE
OF FUSELAGE (4 inch ROD. STN.566, 60° OFF DEAD ASTERN)

RAE: 151443 J6)]

SECRET




[RAE: 151444 1]

SECRET TECH. NOTE: MECH. ENG. 333
FIG.14a

FIG.14a. FIRING 4. PRIMARY TARGET. ROD DAMAGE TO ATTACK SIDE
OF FUSELAGE (4 inch ROD. STN.566)

SECRET
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[RAE: 151445 [l

SECRET TECH. NOTE: MECH. ENG. 333

FIG.14b
1
EXTERIOR
{
INTERIOR |

FIG.14b. FRING 4. PRIMARY TARGET. ROD DAMAGE TO EXIT SIDE
OF FUSELAGE (4 Inch ROD. STN.566)

SECRET
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[RAE: 151446 [6)]

SECRET TECH. NOTE: MECH. ENG. 333
FIG.14¢

FIG.l4c. FIRING 4. SECONDARY TARGET. ROD DAMAGE TO ATTACK
SIDE EXTERIOR (& inch ROD. STN.566, 60° OFF DEAD ASTERN)

SECRET



[RAE: 15140 6]

SECAEY TECH. NOTE: MECH. ENG. 333
FIG.14d

DAMAGE TO
SKINNING,STRINGERS
AND PRAMES

DAMAGE TO

FIG.14d. FIRING 4, SECONDARY TARGET. ROD DAMAGE TO ATTACK
SIDE INTERIOR ( Inch ROD. STN.566, 60° OFF DEAD ASTERN)
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